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DYNAMIC ALLOCATION OF SEGMENTS IN Aspects of the present disclosure address the above 
A FLASH STORAGE SYSTEM mentioned and other deficiencies by adjusting , by a host 

controller of a storage system during run - time , storage 
RELATED APPLICATIONS bandwidth for a storage system process responsive to an 

5 input output ( 1 / 0 ) write request to write data to the storage 
The present application claims the benefit of U . S . Provi system . In implementations , a host controller may determine 

sional Patent Application No . 62 / 404 , 099 , filed Oct . 4 , 2016 , an allocation share for the storage system process requesting 
and U . S . Provisional Patent Application No . 62 / 435 , 657 , to write the data . Responsive to determining an open seg 
filed Dec . 16 , 2016 which are incorporated by reference ment usage by the storage system process is under the 
herein . 10 allocation share for the storage system process , the host 

controller opens a new segment for the storage system 
BACKGROUND process . 

FIG . 1A illustrates an example system for data storage , in 
Storage systems , such as enterprise storage systems . may accordance with some implementations . System 100 ( also 

include a centralized or de - centralized repository for data 15 referred to as “ storage system ” herein ) includes numerous 
that provides common data management , data protection , elements for purposes of illustration rather than limitation . It 
and data sharing functions , for example , through connec may be noted that system 100 may include the same , more , 
tions to computer systems . or fewer elements configured in the same or different manner 

in other implementations . 
BRIEF DESCRIPTION OF THE DRAWINGS 20 System 100 includes a number of computing devices 164 . 

Computing devices ( also referred to as " client devices ” 
The present disclosure is illustrated by way of example , herein ) may be for example , a server in a data center , a 

and not by way of limitation , and can be more fully workstation , a personal computer , a notebook , or the like . 
understood with reference to the following detailed descrip - Computing devices 164 are coupled for data communica 
tion when considered in connection with the figures as 25 tions to one or more storage arrays 102 through a network 
described below . 158 , such as a storage area network ( SAN ) , or a local area 

FIG . 1A illustrates an example system for data storage , in network ( LAN ) 160 . 
accordance with some implementations . The network 158 may be implemented as any number of 

FIG . 1B illustrates an example segment layout for a physical networks , such as a LAN or SAN . The network 158 
storage system , in accordance with some implementations . 30 may be implemented with a variety of data communications 

FIG . 2 illustrates an example system for data storage , in fabrics , devices , and protocols . For example , the fabrics for 
accordance with some implementations . network 158 may include Fibre Channel , Ethernet , Infini 

FIG . 3 is a flow diagram illustrating a method for deter - band , Serial Attached Small Computer System Interface 
mining whether to adjust storage bandwidth for a storage ( SAS ) , or the like . Data communications protocols for use 
system process , in accordance with some implementations . 35 with network 158 may include Advanced Technology 

FIG . 4 is a flow diagram illustrating a method for adjust - Attachment ( ATA ) , Fibre Channel Protocol , Small Com 
ing storage bandwidth for a storage system process , in puter System Interface ( SCSI ) , Internet Small Computer 
accordance with some implementations . System Interface ( iSCSI ) , HyperSCSI , Non - Volatile 

FIG . 5 is a flow diagram illustrating a method for deter - Memory Express ( NVMe ) over Fabrics , or the like . It may 
mining an allocation share for a storage system process , in 40 be noted that network 158 is provided for illustration , rather 
accordance with some implementations . than limitation . Other data communication couplings may be 

FIG . 6 is a diagram illustrating parameters for determin - implemented between computing devices 164 and storage 
ing allocation share for the storage system processes , in arrays 102 . 
accordance with some implementations . The LAN 160 may also be implemented with a variety of 

FIG . 7 illustrates an example computer system , in accor - 45 fabrics , devices , and protocols . For example , the fabrics for 
dance with some implementations . LAN 160 may include Ethernet ( 802 . 3 ) , wireless ( 802 . 11 ) , 

or the like . Data communication protocols for use in LAN 
DETAILED DESCRIPTION 160 may include Transmission Control Protocol ( TCP ) , User 

Datagram Protocol ( UDP ) , Internet Protocol ( IP ) , Hyper 
Systems , such as storage systems , may offload device 50 Text Transfer Protocol ( HTTP ) , Wireless Access Protocol 

management responsibilities from the storage drives to host ( WAP ) , Handheld Device Transport Protocol ( HDTP ) , Ses 
controller . For example , in some systems , firmware , such as sion Initiation Protocol ( SIP ) , Real Time Protocol ( RTP ) , or 
a translation layer or flash translation layer , may reside on or the like . 
be executed at the drive level by the storage drive . The Storage arrays 102 may provide persistent data storage for 
translation layer may maintain mappings between the logical 55 the computing devices 164 . Storage array 102A may be 
sector addresses and physical locations . Executing the trans - contained in a chassis ( not shown ) , and storage array 102B 
lation layer at the drive level may cause an inefficient use of may be contained in another chassis ( not shown ) , in imple 
storage resources , and generate increased issue from write mentations . Storage array 102A and 102B may include one 
amplification . or more storage array controllers 110 ( also referred to as 

In implementations , a storage system may remove the 60 " controller " herein ) . A storage array controller 110 may be 
translation layer from the drive - level , and perform physical embodied as a module of automated computing machinery 
flash address handling operations at the host controller - level . comprising computer hardware , computer software , or a 
Performing physical flash address handling operations at the combination of computer hardware and software . In some 
host controller - level presents challenges for designers , such implementations , the storage array controllers 110 may be 
as increasing the parallelism of write processes to write data 65 configured to carry out various storage tasks . Storage tasks 
onto flash - based solid state storage drives of a storage array , may include writing data received from the computing 
for example . devices 164 to storage array 102 , erasing data from storage 
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array 102 , retrieving data from storage array 102 and pro - to a circuit board ) where each physical package contains one 
viding data to computing devices 164 , monitoring and or more non - volatile memory die . 
reporting of disk utilization and performance , performing In some implementations , the storage array controllers 
redundancy operations , such as Redundant Array of Inde - 110 may be configured for offloading device management 
pendent Drives ( RAID ) or RAID - like data redundancy 5 responsibilities from storage drive 171 in storage array 102 . 
operations , compressing data , encrypting data , and so forth . For example , storage array controllers 110 may manage 

Storage array controller 110 and drive controllers ( e . g . , control information that may describe the state of one or 
part of or associated with storage drives 171 and commu - more memory blocks in the storage drives 171 . The control 
nicatively coupled to storage array controller 110 ) ( not information may indicate , for example , that a particular 
shown ) may be implemented in a variety of ways , including 10 memory block has failed and should no longer be written to , 
as a Field Programmable Gate Array ( FPGA ) , a Program that a particular memory block contains boot code for a 
mable Logic Chip ( PLC ) , an Application Specific Integrated storage array controller 110 , the number of program - erase 
Circuit ( ASIC ) , System - on - Chip ( SOC ) , or any computing ( P / E ) cycles that have been performed on a particular 
device that includes discrete components such as a process memory block , the age of data stored in a particular memory 
ing device , central processing unit , computer memory , or 15 block , the type of data that is stored in a particular memory 
various adapters . Storage array controller 110 may include , block , and so forth . In some implementations , the control 
for example , a data communications adapter configured to information may be stored with an associated memory block 
support communications via the network 158 or LAN 160 . as metadata . In other implementations , the control informa 
In some implementations , storage array controller 110 may tion for the storage drives 171 may be stored in one or more 
be independently coupled to the LAN 160 . In implementa - 20 particular memory blocks of the storage drives 171 that are 
tions , storage array controller 110 may include an I / O selected by the storage array controller 110 . The selected 
controller or the like that couples the storage array controller memory blocks may be tagged with an identifier indicating 
110 for data communications , through a midplane ( not that the selected memory block contains control informa 
shown ) , to a persistent storage resource 170 ( also referred to tion . The identifier may be utilized by the storage array 
as a " storage resource " or " shelf " herein ) . The persistent 25 controllers 110 in conjunction with storage drives 171 to 
storage resource 170 main include any number of storage quickly identify the memory blocks that contain control 
drives 171 ( also referred to as “ storage devices " or " storage information . For example , the storage controllers 110 may 
modules ” herein ) and any number of non - volatile Random issue a command to locate memory blocks that contain 
Access Memory ( NVRAM ) devices ( not shown ) . control information . It may be noted that control information 

In some implementations , the NVRAM devices of a 30 may be so large that parts of the control information may be 
persistent storage resource 170 may be configured to stored in multiple locations , that the control information 
receive , from the storage array controller 110 , data to be may be stored in multiple locations for purposes of redun 
stored in the storage drives 171 . In some examples , the data dancy , for example , or that the control information may 
may originate from computing devices 164 . In some otherwise be distributed across multiple memory blocks in 
examples , writing data to the NVRAM device may be 35 the storage drive 171 . 
carried out more quickly than directly writing data to the In implementations , storage array controllers 110 may 
storage drive 171 . In implementations , the storage array offload device management responsibilities from storage 
controller 110 may be configured to utilize the NVRAM drives 171 of storage array 102 by retrieving , from the 
devices as a quickly accessible buffer for data destined to be storage drives 171 , control information describing the state 
written ( e . g . , flushed ) to the storage drives 171 . Latency for 40 of one or more memory blocks in the storage drives 171 . 
write requests using NVRAM devices as a buffer may be Retrieving the control information from the storage drives 
improved relative to a system in which a storage array 171 may be carried out , for example , by the storage array 
controller 110 writes data directly to the storage drives 171 . controller 110 querying the storage drives 171 for the 
In some implementations , the NVRAM devices may be location of control information for a particular storage drive 
implemented with computer memory in the form of high 45 171 . The storage drives 171 may be configured to execute 
bandwidth , low latency RAM . The NVRAM device is instructions that enable the storage drive 171 to identify the 
referred to as " non - volatile ” because the NVRAM device location of the control information . The instructions may be 
may receive or include a unique power source that maintains executed by a controller ( not shown ) associated with or 
the state of the RAM after main power loss to the NVRAM otherwise located on the storage drive 171 and may cause 
device . Such a power source may be a battery , one or more 50 the storage drive 171 to scan a portion of each memory block 
capacitors , or the like . In response to a power loss , the to identify the memory blocks that store control information 
NVRAM device may be configured to write the contents of for the storage drives 171 . The storage drives 171 may 
the RAM to a persistent storage , such as the storage drives respond by sending a response message to the storage array 
171 . controller 110 that includes the location of control informa 

In implementations , storage drive 171 may refer to any 55 tion for the storage drive 171 . Responsive to receiving the 
device configured to record data persistently , where “ per response message , storage array controllers 110 may issue a 
sistently ” or “ persistent ” refers as to a device ' s ability to request to read data stored at the address associated with the 
maintain recorded data after loss of power . In some imple - location of control information for the storage drives 171 . 
mentations , storage drive 171 may correspond to non - disk In other implementations , the storage array controllers 
storage media . For example , the storage drive 171 may be 60 110 may further offload device management responsibilities 
one or more solid - state drives ( SSDs ) , flash memory based from storage drives 171 by performing , in response to 
storage , any type of solid - state non - volatile memory , or any receiving the control information , a storage drive manage 
other type of non - mechanical storage device . In other imple m ent operation . A storage drive management operation may 
mentations , storage drive 171 may include mechanical or include , for example , an operation that is typically per 
spinning hard disk , such as hard - disk drives ( HDD ) . In 65 formed by the storage drive 171 ( e . g . , the controller ( not 
implementations , a storage drive 171 may contain one or shown ) associated with a particular storage drive 171 ) . A 
more physical packages ( e . g . , packages with pins to connect storage drive management operation may include , for 
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example , ensuring that data is not written to failed memory secondary status . Storage array controllers 110C and 110D , 
blocks within the storage drive 171 , ensuring that data is implemented as storage processor modules , may act as a 
written to memory blocks within the storage drive 171 in communication interface between the primary and second 
such a way that adequate wear leveling is achieved , and so ary controllers ( e . g . , storage array controllers 110A and 
forth . 5 110B , respectively ) and storage array 102B . For example , 

In implementations , storage array 102 may implement storage array controller 110A of storage array 102A may 
two or more storage array controllers 110 . In some imple - send a write request , via network 158 , to storage array 102B . 
mentations , storage array 102 may implement multiple host The write request may be received by both storage array 
controllers in a multi - host storage system . For example , controllers 110C and 110D of storage array 102B ( e . g . , 
storage array 102A may include storage array controllers 10 multi - path ) . Storage array controllers 110C and 110D may 
110A and storage array controllers 110B ( also referred to as facilitate the communication , e . g . , send the write request to 
" host controller 110A " and " host controller 110B ” respec - the appropriate storage drive 171 . It may be noted that in 
tively , herein ) . At a given instance , a single storage array some implementations storage processor modules may be 
controller 110 ( e . g . , storage array controller 110A ) of a used to increase the number of storage drives controlled by 
storage system 100 may be designated with primary status 15 the primary and secondary controllers . 
( also referred to as “ primary controller ” or “ primary host In implementations , storage array controllers 110 are 
controller ” herein ) , and other storage array controllers 110 communicatively coupled , via a midplane ( not shown ) , to 
( e . g . , storage array controller 110A ) may be designated with one or more storage drives 171 and to one or more NVRAM 
secondary status ( also referred to as “ secondary controller ” devices ( not shown ) that are included as part of a storage 
or " secondary host controller " herein ) . The status of storage 20 array 102 . The storage array controllers 110 may be coupled 
array controllers 110 may change during run - time . For to the midplane via one or more data communications links 
example , storage array controller 110A may be designated and the midplane may be coupled to the storage drives 171 
with secondary status , and storage array controller 110B and the NVRAM devices via one or more data communi 
may be designated with primary status . cations links . The data communications links described 

In implementations , the primary controller may have a 25 above are collectively illustrated by data communications 
particular access ( e . g . , access rights ) to persistent storage links 108 and may include a Peripheral Component Inter 
resource 170 , such as permission to alter data ( e . g . , write ) in connect Express ( PCIe ) bus , for example . 
persistent storage resource 170 while excluding the same In some implementations , a storage drive 171 includes 
access to the secondary controller . In some implementation , one or more ports ( not shown ) ( e . g . , multiport storage drive ) . 
the access rights may include write access , read access , erase 30 A port may be coupled to a respective storage array con 
access , or read - write access . It may be noted that different troller 110 outside storage drive 171 . For example , a first 
access rights may also be implemented , such as write port of storage drive 171A may be coupled to storage array 
exclusive access , exclusive access , write exclusive access controller 110A via data communications link 108A . A 
registrants only , exclusive access - registrants only , write second port of storage drive 171A may be coupled to storage 
exclusive access — all registrants , exclusive access all reg - 35 array controller 110B via data communications link 108B . 
istrants , for example . In implementations , at least some of Internal to storage drives 171 , a particular port may be 
the access rights of the primary controller may supersede the associated with a particular drive controller ( not shown ) . For 
rights of the secondary controller . For instance , the second example , a dual port storage drive may have two drive 
ary controller may not have permission to write data in controllers , where each drive controller is associated with a 
persistent storage resource 170 when the primary controller 40 particular port . Ports may transmit data to and from the 
has the write access . associated drive controllers . In implementations , communi 

In some implementations , a primary controller , such as cations between storage array controllers 110A and 100B 
storage array controller 110A , may serve as the primary and the respective driver controllers may be compatible with 
controller for one or more storage arrays 102 , and a second a non - fabric - based standard , such as the NVMe standard . 
controller , such as storage array controller 110B , may serve 45 In implementations , communications in system 100 may 
as the secondary controller for the one or more storage travel multiple stages using different protocols . For example , 
arrays 102 . For example , storage array controller 110A may a communication , such as a reservation ( e . g . , for access 
be the primary controller for storage array 102 A and storage rights to a storage drive 171 ) is sent by storage array 
array 102B , and storage array controller 110B may be the controller 110A to storage array controller 110C ( stage 1 ) . 
secondary controller for storage array 102A and 102B . In 50 Storage array controller 110C may send a modified com 
some implementations , a primary controller , such as storage munication to storage drive 171D ( stage 2 ) . In implemen 
array controller 110A , may serve as the primary controller tations , the protocols between the stages may be different 
for one or more storage drives 171 of storage arrays 102 , and from one another . For example , in stage 1 the storage array 
a second controller , such as storage array controller 110B , controller 110A may communicate to storage array control 
may serve as the primary controller for one or more storage 55 ler 110C over a fabric - based network using a fabric - based 
drives 171 of storage arrays 102 for which storage array protocol . The network may be fabric - based network using 
controller 110A does not have primary status . It may be data formats compatible with a particular fabric standard , 
noted that in implementations , either storage array controller such as NVMe over Fabrics . In stage 2 , storage array 
110A or storage array controller 110B may be the primary controller 110C may communicate to storage drive 171D 
controller for a particular storage drive 171 , but not both . 60 using a non - fabric protocol . For example , storage array 
Both storage array controller 110A and storage array con - controller 110C may receive a communication , modify the 
troller 110B having primary status with respect to a particu communication , and send the modified communication to 
lar storage drive 171 or storage array may result in corrup - storage drive 171D via data communications link 108C 
tion of data , for example . using a non - fabric protocol , such as NVMe . 

In some implementations , storage array controllers 110C _ 65 In some implementations , system 100 may be designed 
and 110D ( also referred to as “ storage processor modules ” or with principles of high availability ( HA ) architecture . High 
" storage controller ” herein ) may neither have primary or availability may refer to systems that are durable and 
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designed to operate continuously by accommodating for program or system is running ( e . g . , executing ) . For example , 
failure using redundant components . For example , a multi the parallel segment writer 150 may adjust the storage 
host storage system using controller 110A and 110B may bandwidth for the storage system process concurrently with 
accommodate the failure of one controller ( e . g . , controller the storage system process being executed by the storage 
110A or controller 110B ) and continuously perform the 5 system 100 and concurrently with the storage system 100 
designated operations for system 100 . Similarly , implement - writing data to the storage drives 171 for another storage 
ing multiple storage processor modules , such as storage system process , for example . In implementations , storage 
array controller 110C and storage array controller 110B , bandwidth ( also referred to as “ parallelism ” or “ storage 
may accommodate the failure of one of the storage processor write bandwidth ” herein ) may refer to an amount of con 
modules . 10 currently open segments for a storage system process or 

In other implementations , the storage array controllers storage system , or refer an amount of data that may be 
110 may still further offload device management responsi written to one or more storage arrays 102 in parallel or 
bilities from storage drives 171 by performing some or all concurrently . As noted above , non - volatile memory devices 
the operations handled by the firmware associated with may include one or more independent dies where each die 
storage drive 171 . For example , in some storage systems , a 15 may run in parallel ( e . g . , perform operations such as read , 
firmware associated with each storage drive 171 may also be write , erase in parallel ) . The number of dies per storage drive 
referred to as “ flash translation layer ” ( FTL ) . An instance of 171 times the number of storage drives 171 may approxi 
the FTL may be included and executed on each storage drive mate a theoretical amount of parallelism a storage system 
171 . The FTL may maintain mappings between the logical may achieve . In implementations , the number of open 
sector addresses and physical locations associated with 20 segments may be adjusted for any given storage system 
non - volatile memory devices of a storage drive 171 . process during run - time . A segment may refer to a logical 

In some implementations , the FTL may be removed from data unit on which a write operation is performed . In 
the storage drive level . In implementations , a host controller , implementations , an open segment may refer to a segment 
such as storage array controller 110A and 110B , may control that has been allocated to a storage system process and has 
the allocation of data blocks ( e . g . , segments ) to the physical 25 available storage space to write data . In implementations , 
layer , with or without using logical address mapping . In after an open segment is filled with data , the segment may 
some implementations , storage array controller 110A and be closed ( e . g . , closed segment ) . 
110B store data to storage drive 171 using physical memory It may be noted that readers will appreciate that the 
addresses , and without logical address mapping , to particu - storage systems , such as system 100 , and the components 
lar physical locations . Physical flash address handling opera - 30 that are contained in such storage systems , as described in 
tions , performed by storage array controller 110A and 110B , the present disclosure , are included for explanatory purposes 
may control the location data is stored in storage drive 171 and do not represent limitations as to the types of systems 
to the physical level . In implementations , parallel segment that may accumulate application - level statistics . In fact , 
writer 150 of storage array controller 110A and 110B may storage systems configured for accumulating application 
directly map data to physical storage without using a trans - 35 level statistics may be embodied in many other ways and 
lation layer . It may be noted that an instance of parallel may include fewer , additional , or different components . For 
segment writer 150A may be executed by storage array example , storage within storage systems configured for 
controller 110A , and another instance of parallel segment accumulating application - level statistics may be embodied 
writer 150B may be executed by storage array controller as block storage where data is stored in blocks , and each 
110B , in implementations . 40 block essentially acts as an individual hard drive . Alterna 

In implementations , the storage drive 171 may be one or tively , storage within storage systems configured for accu 
more solid - state drives ( SSDs ) , such as flash - based storage mulating application - level statistics may be embodied as 
drives . An SSD may include one of more non - volatile object storage , where data is managed as objects . Each 
memory devices or chips where the non - volatile memory object may include the data itself , a variable amount of 
devices may be individually packaged and electrically 45 metadata , and a globally unique identifier , where object 
coupled or physically mounted to a circuit board and to other storage can be implemented at multiple levels ( e . g . , device 
components of storage drive 171 . Examples of non - volatile level , system level , and interface level ) . In addition , storage 
memory devices may include flash memory devices , such as within storage systems configured for accumulating appli 
Not AND ( NAND ) devices or Not OR ( NOR ) devices , for cation - level statistics may be embodied as file storage in 
example . A non - volatile memory device may include one or 50 which data is stored in a hierarchical structure . Such data 
more independent dies where each die may run in parallel may be saved in files and folders , and presented to both the 
( e . g . , perform operations such as read , write , erase in par - system storing it and the system retrieving it in the same 
allel ) . Each die of a non - volatile memory device has mul - format . Such data may be accessed using the Network File 
tiple erase blocks , wherein the memory cells of an erase System ( ‘ NFS ' ) protocol for Unix or Linux , Server Message 
block are in physical locality . In some implementations , an 55 Block ( SMB ' ) protocol for Microsoft Windows , or in some 
erase block may be a minimum erasable unit of a die that can other manner . 
be erased in a single erase operation . An erase block may be FIG . 1B illustrates an example segment layout for a 
subdivided into pages . In some implementations , a page may storage system , in accordance with some implementations . 
be a minimum unit of a die that can be programmed in a For clarity of discussion , elements described with respect to 
single operation . In some implementations , a page is erased 60 FIG . 1A are used to describe elements of FIG . 1B . In 
at some point before being written , and an entire erase block implementations , host controllers , such as storage array 
is erased in a single operation . In some implementations , the controller 110A and 110B , may be connected and access a 
pages of an erase block may be written serially . wide number of storage drives 171 . For example , the host 

In implementations , the parallel segment writer 150 may controller may access 10 to 100 ' s of different storage drives 
adjust , during run - time , storage bandwidth for a storage 65 171 . In implementations , a storage system may organize the 
system process , as described herein . In implementations , storage drives 171 in write groups 181 . For example , a 
run - time may refer to a period of time during which a storage system may RAID - protect ( Redundant Array of 
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Independent Disks ) and write data in segments 182 that different manner in other implementations . It may be noted 
consist of allocation units 183 ( AU ) located on a subset of that elements of FIG . 1 may be included below to help 
storage drives 171 within a write group 181 . It may be illustrate features of storage array controller 210 . 
appreciated that although only one segment 182 is illus - Storage array controller 210 may be or include one or 
trated , one or more segments may be available or open in the 5 more processing devices 232 and random access memory 
same or different write group 181 . ( RAM ) 236 . Processing device 232 ( or controller 210 ) 

In implementations , storage drives 171 present logical represents one or more general - purpose processing devices 
block address spaces ( or similar ) of number sectors ( e . g . , such as a microprocessor , central processing unit , or the like . 
512 byte sectors ) to storage array controllers 110 ( e . g . , More particularly , the processing device 232 ( or controller 
storage array controller 110A and 110B ) . A storage system 10 210 ) may be a complex instruction set computing ( CISC ) 
may manage each storage drive ' s LBA space in N Megabyte microprocessor , reduced instruction set computing ( RISC ) 
( MB ) blocks ( e . g . , 8 MB ) of logically contiguous LBAS , microprocessor , very long instruction word ( VLIW ) micro 
also referred to as allocation units 183 . In implementations , processor , or a processor implementing other instruction sets 
storage array controller 110 may align allocation units 183 or processors implementing a combination of instruction 
with the storage drives ' internal storage organization to 15 sets . The processing device 232 ( or controller 210 ) may also 
optimize performance and minimize media wear , for be one or more special - purpose processing devices such as 
example . An allocation unit 183 may refer to a logical unit an application specific integrated circuit ( ASIC ) , a field 
of allocation for a storage drive 171 ( e . g . , an allocation unit programmable gate array ( FPGA ) , a digital signal processor 
( AU ) may be a minimum allocation granularity ( e . g . , 8 MB ) ( DSP ) , network processor , or the like . 
for a specific storage drive 171 ) . In other implementations , 20 The processing device 232 may be connected to the RAM 
an allocation unit 183 may be larger than the minimum 236 via a data communications link 230 , which may be 
allocation granularity for storage drive 171 or be variable embodied as a high speed memory bus such as a Double 
sizes . In implementations , each allocation unit 183 of a Data Rate 4 ( DDR4 ) bus . Stored in RAM 236 is an operating 
segment 182 may be stored in a different storage drive 171 . system 246 . In some implementations , an array management 
In implementations , an allocation unit 183 may be the size 25 module 248 is stored in RAM 236 . Parallel segment writer 
of an erase block or larger . 150 may include computer program instructions for offload 

In implementations , a storage system may allocate physi - ing device management responsibilities from a storage 
cal storage in segments 182 . A segment may refer to a logical drive . In implementations , parallel segment writer 150 may 
data unit on which a write operation is performed , where the be configured to adjust , during run - time , storage bandwidth 
write operation stores data of the segment across one or 30 for a storage system process responsive to an input output 
more storage drives 171 . In implementations , a segment 182 ( 1 / 0 ) write request to write data to a storage system that 
may include several allocation units 183 , where each allo comprises a plurality of solid - state storage drives . In imple 
cation unit 183 is on a different storage drive 171 of the same mentations , parallel segment writer 150 adjusts the storage 
write group 181 . In implementations , an allocation unit 183 bandwidth for a storage system process by determining an 
in a segment 182 may be located on any allocation unit 183 35 allocation share for the storage system process requesting to 
boundary in a respective storage drive ' s LBA space . In some write the data to the storage system . Responsive to deter 
examples , a segment may include 8 to 10 allocation units m ining an open segment usage by the storage system 
183 . process is under the allocation share for the storage system 

In implementations , the storage system may treat each process , the parallel segment writer 150 may open a new 
allocation unit 183 in a segment 182 as a column of N - MB 40 segment for the storage system process . Additional details of 
( e . g . , 1 MB ) shards 184 . In implementations , within a parallel segment writer 150 may be described below with 
segment 182 , each storage drive 171 may be atomically respect to FIG . 3 - 6 . 
written in shards 184 ( e . g . , 1 MB ) . In implementations , a It may be noted that the parallel segment writer 150 and 
storage system may treat a shard 184 as a column of logical the operating system 246 shown in RAM 236 for purposes 
pages that align with physical pages of storage drive 171 . 45 of illustration , rather than limitation . Many components of 

In implementations , the corresponding shards 184 in each parallel segment writer 150 or the operating system 246 may 
of a segment ' s allocation units 183 may be collectively also be stored in non - volatile memory such as , for example , 
referred to as a segio 185 ( also referred to as a “ write unit ” ) . persistent storage resource 170 described with respect to 
In implementations , the segio 185 may be a unit in which a FIG . 1 . 
storage system packs data before writing to storage drives 50 in implementations , storage array controller 210 includes 
171 . For example , a horizontal stripe of shards 184 across one or more host bus adapters 218 that are coupled to the 
the segment 182 ( e . g . , segio 185 ) may accumulate user data processing device 232 via a data communications link 224 . 
from the frontend and data from the storage system pro - In implementations , host bus adapters 218 may be computer 
cesses from the backend . When the two sections meet , a hardware that connects a host system ( e . g . , the storage array 
segio 185 is completed and marked for flush ( e . g . , write ) to 55 controller ) to other network and storage arrays . In some 
storage drive 171 . In implementations , multiple segios 185 examples , host bus adapters 218 may be a Fibre Channel 
may be used to fill a segment 182 . adapter that enables the storage array controller 210 to 

FIG . 2 illustrates an example system for data storage , in connect to a SAN , an Ethernet adapter that enables the 
accordance with some implementations . Storage array con - storage array controller 210 to connect to a LAN , or the like . 
troller 210 illustrated in FIG . 2 may similar to the storage 60 Host bus adapters 218 may be coupled to the processing 
array controllers 110 described with respect to FIG . 1 . In one device 232 via a data communications link 224 such as , for 
example , storage array controller 210 may be similar to example , a PCIe bus . 
storage array controller 110A or storage array controller In implementations , storage array controller 210 may 
110B . Storage array controller 210 includes numerous ele - include a host bus adapter 240 that is coupled to an expander 
ments for purposes of illustration rather than limitation . It 65 242 . The expander 242 may be used to attach a host system 
may be noted that storage array controller 210 may include to a larger number of storage drives . The expander 242 may , 
the same , more , or fewer elements configured in the same or for example , be a SAS expander utilized to enable the host 
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bus adapter 240 to attach to storage drives in an implemen opened for a different storage system process ( or the same 
tation where the host bus adapter 240 is embodied as a SAS storage system process ) . In implementations , a segment that 
controller . is associated with a particular storage system process is 

In implementations , storage array controller 210 may filled with data from the particular storage system process , 
include a switch 244 coupled to the processing device 232 5 and not from other storage system processes . 
via a data communications link 238 . The switch 244 may be At block 315 , responsive to determining the storage 
a computer hardware device that can create multiple end system process does not have an open segment , processing 
points out of a single endpoint , thereby enabling multiple logic opens a new segment for the storage system process . 
devices to share a single endpoint . The switch 244 may , for It may be noted that in implementations , a storage system 
example , be a PCIe switch that is coupled to a PCIe bus ( e . g . , 10 process that does not have at least one open segment will not 
data communications link 238 ) and presents multiple PCIe be " starved ” and will be allocated an open segment . 
connection points to the midplane . In an alternative implementation , at block 320 responsive 

In implementations , storage array controller 210 includes to determining the storage system process does have an open 
a data communications link 234 for coupling the storage segment , processing logic may determine whether the stor 
array controller 210 to other storage array controllers . In 15 age system process has reached an open segment limit for 
some examples , data communications link 234 may be a the storage system process . In implementations , an open 
QuickPath Interconnect ( QPI ) interconnect . segment limit ( also referred to as “ maximum span limit ” 

FIG . 3 is a flow diagram illustrating a method for deter - herein ) may be a maximum number of open segments that 
mining whether to adjust storage bandwidth for a storage may be opened on behalf of particular storage system 
system process , in accordance with some implementations . 20 process . In implementations , the open segment limit may be 
Method 300 may be performed by processing logic that set by an administrator . Processing logic may compare the 
includes hardware ( e . g . , circuitry , dedicated logic , program - number of open segments for a particular process ( e . g . , open 
mable logic , microcode ) , software ( e . g . , instructions run on segment usage 610 for storage system process 615 of FIG . 
a processing device to perform hardware simulation ) , or a 6 ) to the open segment limit for the storage system process 
combination thereof . In some implementations , parallel seg - 25 to make the determination . Responsive to determining the 
ment writer 150 of storage array controllers 110A and 110C storage system process has met the associated open segment 
may perform some or all the operations described herein . limit , processing logic may move to block 325 and write the 
Multiple operations are presented for illustration , rather than data to existing open segments associated with the storage 
limitation . In implementations , some , none , or all the opera system process . Responsive to determining the storage sys 
tions may be performed . It may be noted that elements of 30 tem process has not met the associated open segment limit , 
FIGS . 1A - B and FIG . 6 may be used to describe method 300 . processing logic may move to block 330 and adjust the 
FIG . 6 is a diagram 600 illustrating parameters for deter storage bandwidth for the storage system process ( e . g . , 
mining allocation share for the storage system processes , in adjust the number of open segments for the storage system 
accordance with some implementations . It may be noted that process ) . In other implementations , processing logic may 
the values used in conjunction with FIG . 6 are for purposes 35 move directly from block 310 to block 330 . 
of illustration , rather than limitation . FIG . 4 is a flow diagram illustrating a method for adjust 
Method 300 begins at block 305 where processing logic ing storage bandwidth for a storage system process , in 

executing method 300 receives the input - output write accordance with some implementations . Method 400 may be 
request to write data to the storage system 100 from the performed by processing logic that includes hardware ( e . g . , 
storage system process ( e . g . , storage system processes 615A 40 circuitry , dedicated logic , programmable logic , microcode ) , 
of FIG . 6 ) . In implementations , an I / O write request may be software ( e . g . , instructions run on a processing device to 
an 1 / 0 command received by storage array controller 110A perform hardware simulation ) , or a combination thereof . In 
or 110B and sent by a storage system process . In implemen - some implementations , parallel segment writer 150 of stor 
tations , a storage system process ( also referred to a “ client age array controllers 110A and 110C may perform some or 
process " herein ) may refer to a particular writer or client 45 all the operations described herein . Multiple operations are 
( e . g . , application or sub - application ( such as a plug - in ) that presented for illustration , rather than limitation . In imple 
performs operations in a system , such as storage system 100 . mentations , some , none , or all the operations may be per 
In implementations , the storage system processes may formed . It may be noted that elements of FIGS . 1A - B and 
include background processes or frontend processes per - FIG . 6 may be used to describe method 400 . 
formed by a storage system 100 . For example , background 50 Method 400 begins at block 405 where processing logic 
storage system processes may include a garbage collection executing method 400 determines whether an open segment 
( GC ) process , a flush process , a replication process , a usage ( e . g . , open segment usage 610 of FIG . 6 ) of the 
deduplication process , or a pyramid process ( e . g . , metadata storage system 100 is under a target number of open 
for a log structure database ) , among other storage system segments ( also referred to as “ target parallelism ” herein , 
processes . Font - end processes may include storing files or 55 such as target parallelism 625 of FIG . 6 ) for the storage 
data on behalf of client devices , such as computing devices system 100 . Open segment usage may refer the number of 

open segments actively open at any given instance by the 
At block 310 , processing logic determines whether the storage system or a particular storage system process . The 

storage system process has an open segment ( e . g . , segment open segment usage of the storage system may refer to the 
182 of FIG . 1B ) . In implementations , once a segment is 60 total open segments for all storage system processes ( e . g . , a 
associated with a particular storage system process , the predetermined group of process ) active in storage system . It 
segment remains associated with the particular storage sys - may be noted that a storage system process may be idle and 
tem process after the segment is closed . It may be appreci - have not open segments . An idle storage system process may 
ated that a segment may be re - associated with other storage not be used in the calculation of open segment usage ( or 
system processes from time to time . For example , the data 65 contribute to the value ) . The target parallelism ( or target 
from a particular segment associated with a particular stor - number of open segments for the storage system ) may refer 
age system process may be erased and the segment re - to a predetermined soft target amount of open segments that 

164 . 
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are allocated at any given time in the storage system . In one example , a ratio between a quota 630A assigned to the 
example , the target parallelism may be the number of dies storage system process 615A and an aggregate of quotas 630 
per storage drive 171 times the number of write groups 181 assigned to the storage system processes 615 having open 
controlled by particular host controllers , such as storage segments , may be calculated using quota 630A divided by 
array controller 110A and 110B . It may be noted that the 5 the sum of quota 630A - C ( e . g . , ratio = 7 / ( 7 + 2 + 1 ) = 0 . 7 ) . 
actual open segment usage for the storage system may be the At block 510 , processing logic determines a target number 
same , higher , or lower than the target parallelism . In one of open segments for the storage system . For example , in 
example , to determine whether the open segment usage of FIG . 6 , the target number of open segments for the storage 
the storage system is under a target number of open seg - system is 100 ( e . g . , target parallelism 625 ) . At block 515 , 
ments for the storage system , the storage system may 10 processing logic calculates the allocation share for the 
subtract the open segment usage from the target parallelism storage system process using the ratio and the target number 
A remainder greater than 1 is indicative that the open of open segments . For example , in FIG . 6 , the allocation 
segment usage of the storage system is under the target share 620A for storage system process 615A is the ratio 
number of open segments for the storage system . A remain - ( 0 . 7 ) , as calculated above , multiplied by the target parallel 
der equal to or less than 1 ( e . g . , oversubscribed ) is indicative 15 ism 626 of 100 ( 0 . 7x100 = 70 ) . The allocation share 620A for 
that the open segment usage of the storage system is not storage system process 615A is 70 open segments . In may be 
under the target number of open segments for the storage noted that at another given instance , parameters such as open 
system . segment usage 610 , number of non - idle storage system 
At block 410 , responsive to determining the open segment processes may change , which may lead to an adjustment of 

usage of the storage system is under the target number of 20 the allocation share 620 of any given storage system process . 
open segments for the storage system , processing logic It may be noted that the allocation shares 620 for other 
opens a new segment for the storage system process . storage system processes 615 may be determined in a similar 
Responsive to determining the open segment usage of the manner as described above . 
storage system is not under the target number of open Returning to the description of FIG . 4 , at block 420 , 
segments for the storage system ( e . g . , fully or over - sub - 25 processing logic determines whether the open segment 
scribed ) , processing logic moves to block 415 and deter - usage by the storage system process is under the allocation 
mines an allocation share ( e . g . , allocation share 620 , also share for the storage system process . 
referred to as “ fair share ” ) for the storage system process Responsive to determining an open segment usage by the 
requesting to write the data . An allocation share may refer to storage system process is under the allocation share for the 
a varying target number of open segments for a given 30 storage system process , processing logic moves to block 425 
storage system process at a given instance , where the and opens a new segment for the storage system process . For 
allocation share is tunable at runtime . Operations of block example , in FIG . 6 storage system process 615A has an 
415 may be further described with respect to FIG . 5 . allocation share 620A of 70 . The open segment usage 610 of 

FIG . 5 is a flow diagram illustrating a method for deter - storage system process 615A is 65 open segments , which is 
mining an allocation share for a storage system process , in 35 5 open segments below allocation share 620A . If storage 
accordance with some implementations . Method 500 may be system process 615A is the storage system process that sent 
performed by processing logic that includes hardware ( e . g . , the I / O write request , processing logic will grant an open 
circuitry , dedicated logic , programmable logic , microcode ) , segment ( e . g . , at least up to 5 open segments ) because open 
software ( e . g . , instructions run on a processing device to segment usage 610 by the storage system process 615A is 
perform hardware simulation ) , or a combination thereof . In 40 under the allocation share 620A for the storage system 
some implementations , parallel segment writer 150 of stor process 615A . 
age array controllers 110A and 110C may perform some or Responsive to determining an open segment usage by the 
all the operations described herein . Multiple operations are storage system process is not under the allocation share for 
presented for illustration , rather than limitation . In imple - the storage system process , processing logic moves to block 
mentations , some , none , or all the operations may be per - 45 430 and determines other allocation shares for other storage 
formed . It may be noted that elements of FIGS . 1A - B and system processes having open segments . For example , in 
FIG . 6 may be used to describe method 500 . FIG . 6 if storage system process 615C is the storage system 
Method 500 begins at block 505 where processing logic process having sent the I / O write request to write data to the 

executing method 500 determines a ratio between a target storage system , processing logic would determine that open 
ratio ( e . g . , quota , such as quota 630A of FIG . 6 ) of open 50 segment usage 610 of storage system process 615C is 20 
segments assigned to the storage system process and an open segments , which is above the allocation share 620B 
aggregate of target ratios ( e . g . , quota , such as quota 630 of ( e . g . , 10 open segments ) . Processing logic may determine 
FIG . 6 ) of open segments assigned to a plurality of storage the allocation shares 620A and 620B for the other storage 
system processes having open segments . A quota ( or target system processes 615A and 615B are 65 and 15 , respec 
ratio of open segments ) may refer to a value that is indicative 55 tively . Processing logic may determine the allocation shares 
of target ratio of open segments for a particular . In some of the other storage system process in a similar manner as 
implementations , the quota may use the target parallelism as described above . It may be noted that for the sake of clarity , 
a scaling factor . the remaining description of FIG . 4 , storage system process 

For example , FIG . 6 illustrates quotas 630 for three 615C is the storage system process that sent the I / O write 
different storage system processes 615 that have open seg - 60 request and the storage system processes 615A and 615B are 
ments . It may be noted that idle storage system processes are the other storage system processes , unless otherwise 
not shown in FIG . 6 because the idle storage system pro - described . 
cesses do not have allocated open segments . Quota 630A for At block 435 , processing logic determines the open seg 
storage system process 615A is 7 , quota 630B for storage m ent usage for the other storage system processes , such as 
system process 615B is 2 , and quota 630C for storage 65 storage system process 615A and 615B ( e . g . , 65 and 15 open 
system process 615C is 1 . The quota for a storage system segments , respectively ) . At block 440 , processing logic 
process 615 may be assigned by an administrator . For identifies a pool of segments unused by the other storage 
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system processes ( e . g . , storage system process 615A and crosspoint memory , magnetoresistive random - access 
615B ) by determining a difference between the other allo memory ( MRAM ) , or any other such storage media that 
cation shares ( e . g . , allocation shares 620A and 620B ) and does not use a physical disk ) , and a data storage device 718 , 
open segment usage 610 for the other storage system pro - which communicate with each other via a bus 730 . 
cesses 615A and 615B . For example , the other storage 5 Processing device 702 represents one or more general 
system processes 615A and 615B each have a difference purpose processing devices such as a microprocessor , cen 
between allocation shares 620A and 620B and the open tral processing unit , or the like . More particularly , the segment usage 610 ( e . g . , 65 and 15 open segments , respec processing device 702 may be a complex instruction set tively ) of 5 unused open segments . The unused open seg computing ( CISC ) microprocessor , reduced instruction set ments of storage system process 615A and 615B may be 10 computing ( RISC ) microprocessor , very long instruction added to a pool of open segments . word ( VLIW ) microprocessor , or a processor implementing At block 445 , processing logic distributes a new segment 
from the pool of segments to the storage system process . For other instruction sets or processors implementing a combi 

nation of instruction sets . The processing device 702 may example , if new storage system process ( not shown ) 
requests additional open segments ( e . g . , has at least 1 open 15 also open 15 also be one or more special - purpose processing devices such 
segment prior to the request ) , the allocation shares 620 may as an application specific integrated circuit ( ASIC ) , a field 
be recalculated based on the new storage system process . If programmable gate array ( FPGA ) , a digital signal processor 
the new storage system process is under the recalculated ( DSP ) , network processor , or the like . The processing device 
allocation share for the new storage system process , the new 702 is configured to execute a parallel segment writer 150 
storage system process may receive some or all the new 20 for performing any of operations discussed herein . The 
open segments from the pool of open segments . In other computer system 700 may further include a network inter 
implementations , the pool of open segments may be split face device 722 . The data storage device 718 may include a 
between storage system processes that are oversubscribed computer - readable storage medium 724 on which is stored 
( e . g . , above the calculated allocation share for the particular the parallel segment writer 150 embodying any one or more 
storage system processes ) . In some implementations , the 25 of the methodologies or functions described herein . The 
pool of open segments may be split evenly between the parallel segment writer 150 may also reside , completely or 
oversubscribed storage system processes . In other imple at least partially , within the main memory 704 and / or within 
mentations , the pool of open segments may be split between the processing device 702 during execution thereof by the 
the oversubscribed storage system processes in a ratio of the computer system 700 , the main memory 704 and the pro 
quotas 630 of the storage system processes . For example if , 30 cessing device 702 also constituting computer - readable 
oversubscribed storage system process 615C with a quota media . The parallel segment writer 150 may further be 
630C of 1 splits the pool of 10 open segments with a new transmitted or received over a network via the network 
storage system process ( not shown ) with a quota of 4 , interface device 722 . 
storage system process 615C may get one - fifth ( e . g . , 1 / 5 = 2 While the computer - readable storage medium 724 is 
open segments ) of the pool of open segments and the new 35 shown in the illustrative examples to be a single medium , the 
storage system process may get four - fifths ( e . g . , 4 / 5 = 8 open term “ computer - readable storage medium ” ( e . g . , " non - tran 
segments ) of the pool of open segments . Storage system sitory computer - readable storage medium " ) may be taken to 
process 615C may get an allocation share 620B of 10 open include a single medium or multiple media ( e . g . , a central 
segments plus an additional 2 open segments from the pool ized or distributed database , and / or associated caches and 
of open segments for a total of 12 open segments . It may be 40 servers ) that store the one or more sets of instructions . The 
noted that the 20 open segments already allocated to storage term " computer - readable storage medium ” shall also be 
system process 615C are not taken away from storage taken to include any medium that is capable of storing , 
system process 615C , but in implementations , storage sys encoding or carrying a set of instructions for execution by 
tem process 615C may not get new open segments , unless the machine and that cause the machine to perform any one 
the storage system undergoes changes in operating param - 45 or more of the methodologies of the present disclosure . The 
eters , such as changes to the pool of open segments or term “ computer - readable storage medium ” shall accordingly 
changes to the allocation share 620C . be taken to include , but not be limited to , solid - state memo 

FIG . 7 depicts an example computer system 700 which ries , optical media , and magnetic media . 
can perform any one or more of the methods described Although the operations of the methods herein are shown 
herein . The computer system may be connected ( e . g . , net - 50 and described in a particular order , the order of the opera 
worked ) to other computer systems in a LAN , an intranet , an tions of each method may be altered so that certain opera 
extranet , or the Internet . The computer system may operate tions may be performed in an inverse order or so that certain 
in the capacity of a server in a client - server network envi - operation may be performed , at least in part , concurrently 
ronment . The computer system may be a personal computer with other operations . In certain implementations , instruc 
( PC ) , a server , a network router , switch or bridge , a storage 55 tions or sub - operations of distinct operations may be in an 
system , or any device capable of executing a set of instruc - intermittent and / or alternating manner . 
tions ( sequential or otherwise ) that specify actions to be It is to be understood that the above description is 
taken by that device . Further , while only a single computer intended to be illustrative , and not restrictive . Many other 
system is illustrated , the term " computer ” shall also be taken implementations will be apparent to those of skill in the art 
to include any collection of computers that individually or 60 upon reading and understanding the above description . The 
jointly execute a set ( or multiple sets ) of instructions to scope of the disclosure may , therefore , be determined with 
perform any one or more of the methods discussed herein . reference to the appended claims , along with the full scope 

The exemplary computer system 700 includes a process of equivalents to which such claims are entitled . 
ing device 702 , a main memory 704 ( e . g . , read - only memory In the above description , numerous details are set forth . It 
( ROM ) , flash memory , dynamic random access memory 65 will be apparent , however , to one skilled in the art , that the 
( DRAM ) such as synchronous DRAM ( SDRAM ) ) , a solid present disclosure may be practiced without these specific 
state non - volatile memory 706 ( e . g . , flash memory , 3D details . In some instances , well - known structures and 
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devices are shown in block diagram form , rather than in medium includes a machine ( e . g . , a computer ) readable 
detail , in order to avoid obscuring the present disclosure . storage medium ( e . g . , read only memory ( “ ROM ” ) , random 
Some portions of the detailed descriptions above are access memory ( “ RAM ” ) , magnetic disk storage media , 

presented in terms of algorithms and symbolic representa - optical storage media , flash memory devices , etc . ) . 
tions of operations on data bits within a computer memory . 5 The words “ example " or " exemplary ” are used herein to 
These algorithmic descriptions and representations are the mean serving as an example , instance , or illustration . Any 
means used by those skilled in the data processing arts to aspect or design described herein as “ example ” or “ exem 
most effectively convey the substance of their work to others plary ” is not necessarily to be construed as preferred or 
skilled in the art . An algorithm is here , and generally , advantageous over other aspects or designs . Rather , use of 
conceived to be a self - consistent sequence of operations 10 the words “ example ” or “ exemplary ” is intended to present 
leading to a desired result . The operations are those requir - concepts in a concrete fashion . As used in this application , 
ing physical manipulations of physical quantities . Usually , the term “ or ” is intended to mean an inclusive “ or ” rather 
though not necessarily , these quantities take the form of than an exclusive “ or ” . That is , unless specified otherwise , or 
electrical or magnetic signals capable of being stored , trans clear from context , “ X includes A or B ” is intended to mean 
ferred , combined , compared , and otherwise manipulated . It 15 any of the natural inclusive permutations . That is , if X 
has proven convenient at times , principally for reasons of includes A ; X includes B ; or X includes both A and B , then 
common usage , to refer to these signals as bits , values , “ X includes A or B ” is satisfied under any of the foregoing 
elements , symbols , characters , terms , numbers , or the like . instances . In addition , the articles “ a ” and “ an ” as used in 

It may be borne in mind , however , that all of these and this application and the appended claims may generally be 
similar terms are to be associated with the appropriate 20 construed to mean “ one or more ” unless specified otherwise 
physical quantities and are merely convenient labels applied or clear from context to be directed to a singular form . 
to these quantities . Unless specifically stated otherwise , as Moreover , use of the term " an implementation ” or “ one 
apparent from the following discussion , it is appreciated that implementation ” or “ an implementation ” or “ one implemen 
throughout the description , discussions utilizing terms such tation ” throughout is not intended to mean the same imple 
as " adjusting , " " determining , " " opening , " " calculating , " 25 mentation or implementation unless described as such . Fur 
identifying , ” “ distributing , ” “ receiving , ” or the like , refer to thermore , the terms “ first , ” “ second , ” “ third , ” “ fourth , ” etc . 
the action and processes of a computer system , or similar as used herein are meant as labels to distinguish among 
electronic computing device , that manipulates and trans different elements and may not necessarily have an ordinal 
forms data represented as physical ( electronic ) quantities meaning according to their numerical designation . 
within the computer system ' s registers and memories into 30 
other data similarly represented as physical quantities within What is claimed is : 
the computer system memories or registers or other such 1 . A method comprising : 
information storage , transmission or display devices . adjusting , by a host controller of a storage system during 

The present disclosure also relates to an apparatus for run - time , storage bandwidth for a storage system pro 
performing the operations herein . This apparatus may be 35 cess responsive to an input output ( 1 / 0 ) write request to 
specially constructed for the required purposes , or it may write data to the storage system that comprises a 
comprise a general purpose computer selectively activated plurality of solid - state storage drives by : 
or reconfigured by a computer program stored in the com calculating an allocation share for the storage system 
puter . Such a computer program may be stored in a computer process requesting to write the data using a target 
readable storage medium , such as , but not limited to , any 40 ratio of open segments assigned to the storage sys 
type of disk including floppy disks , optical disks , CD tem process , a target ratio of open segments assigned 
ROMs , and magnetic - optical disks , read - only memories to other storage system processes having open seg 
( ROMs ) , random access memories ( RAMs ) , EPROMs , ments , and a target number of open segments for the 
EEPROMs , magnetic or optical cards , or any type of media storage system ; and 
suitable for storing electronic instructions , each coupled to 45 responsive to determining an open segment usage by 
a computer system bus . the storage system process is under the allocation 

The algorithms and displays presented herein are not share for the storage system process , opening a new 
inherently related to any particular computer or other appa segment for the storage system process . 
ratus . Various general purpose systems may be used with 2 . The method of claim 1 , wherein determining the 
programs in accordance with the teachings herein , or it may 50 allocation share for the storage system process comprises : 
prove convenient to construct more specialized apparatus to determining a ratio between a target ratio of open seg 
perform the required method operations . The required struc ments assigned to the storage system process and an 
ture for a variety of these systems will appear as set forth in aggregate of target ratios of open segments assigned to 
the description below . In addition , the present disclosure is a plurality of storage system processes having open 
not described with reference to any particular programming 55 segments ; 
language . It will be appreciated that a variety of program determining a target number of open segments for the 
ming languages may be used to implement the teachings of storage system ; and 
the disclosure as described herein . calculating the allocation share for the storage system 

The present disclosure may be provided as a computer process using the ratio and the target number of open 
program product , or software , that may include a machine - 60 segments . 
readable storage medium having stored thereon instructions , 3 . The method of claim 1 , wherein adjusting the storage 
which may be used to program a computer system ( or other bandwidth for the storage system process further comprises : 
electronic devices ) to perform a process according to the determining whether an open segment usage of the stor 
present disclosure . A machine - readable storage medium age system is under a target number of open segments 
includes any method for storing or transmitting information 65 for the storage system , and 
in a form readable by a machine ( e . g . , a computer ) . For responsive to determining the open segment usage of the 
example , a machine - readable ( e . g . , computer - readable ) storage system is under the target number of open 
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segments for the storage system , opening a new seg determine whether the open segment usage by the 
ment for the storage system process . storage system process is under the allocation 

4 . The method of claim 3 , wherein determining the share for the storage system process ; 
allocation share for the storage system process is responsive responsive to determining the open segment usage 
to determining the open segment usage of the storage systems by the storage system process is not under the 
is not under the target number of open segments for the allocation share for the storage system process , the 
storage system . host controller to : 

5 . The method of claim 1 , further comprising : determine other allocation shares for other storage 
receiving the I / O write request to write data to the storage system process having open segments ; 

system from the storage system process ; determine open segment usage for the other stor 
age system processes ; determining whether the storage system process has an identify a pool of open segments unused by the open segment ; other storage system processes by determining responsive to determining the storage system process does a difference between the other allocation shares not have an open segment , opening a new segment for 15 and open segment usage for the other storage 

the storage system process ; and system processes ; and 
responsive to determining the storage system process does distribute a new segment from the pool of seg 

have an open segment , adjusting the storage bandwidth ments to the storage system process . 
for the storage system process . 10 . The storage system of claim 9 , wherein to determine 

6 . The method of claim 1 , wherein the plurality of 20 the allocation share for the storage system process , the host 
solid - state storage drives are flash - based storage drives . controller to : 

7 . The method of claim 1 , wherein the host controller is determine a ratio between a target ratio of open segments 
communicatively coupled to the storage drives and resides assigned to the storage system process and an aggregate 
outside of the storage drive . of target ratios of open segments assigned to a plurality 

8 . A method comprising : of storage system processes having open segments ; 
adjusting , by a host controller of a storage system during determine a target number of open segments for the 

run - time , storage bandwidth for a storage system pro storage system ; and 
cess responsive to an input output ( I / O ) write request to calculate the allocation share for the storage system 
write data to the storage system that comprises a process using the ratio and the target number of open 
plurality of solid - state storage drives by : segments . 
determining an allocation share for the storage system 11 . The storage system of claim 9 , wherein to adjust the 

process requesting to write the data ; storage bandwidth for the storage system process , the host 
responsive to determining an open segment usage by controller further to : 

the storage system process is under the allocation determine whether an open segment usage of the storage 
share for the storage system process , opening a new 35 system is under a target number of open segments for 
segment for the storage system process ; the storage system ; and 

determining whether the open segment usage by the responsive to determining the open segment usage of the 
storage system process is under the allocation share storage system is under the target number of open 
for the storage system process ; segments for the storage system , open a new segment 

responsive to determining the open segment usage by 40 for the storage system process . 
the storage system process is not under the allocation 12 . The storage system of claim 11 , wherein to determine 
share for the storage system process : the allocation share for the storage system process is respon 
determining other allocation shares for other storage sive to determining the open segment usage of the storage 

system process having open segments ; system is not under the target number of open segments for 
determining open segment usage for the other stor - 45 the storage system . 

age system processes ; 13 . The storage system of claim 9 , the host controller 
identifying a pool of open segments unused by the further to 

other storage system processes by determining a receive the I / O write request to write data to the storage 
difference between the other allocation shares and system from the storage system process ; 
open segment usage for the other storage system 50 determine whether the storage system process has an open 
processes ; and segment ; 

distributing a new segment from the pool of seg - responsive to determining the storage system process does 
ments to the storage system process . not have an open segment , open a new segment for the 

9 . A storage system comprising : storage system process ; and 
a memory ; and 55 responsive to determining the storage system process does 
a host controller , operatively coupled to the memory , to have an open segment , adjust the storage bandwidth for 

adjust , during run - time , storage bandwidth for a storage the storage system process . 
system process responsive to an input output ( 1 / 0 ) 14 . A non - transitory computer - readable medium that , 
write request to write data to the storage system that when executed by a processing device , causes the process 
comprises a plurality of solid - state storage drives , 60 ing device to : 
the host controller to : adjust , by the processing device during run - time , storage 
determine an allocation share for the storage system bandwidth for a storage system process responsive to 

process requesting to write the data ; an input output ( 1 / 0 ) write request to write data to the 
responsive to determining an open segment usage by storage system that comprises a plurality of solid - state 

the storage system process is under the allocation 65 storage drives , the processing device to : 
share for the storage system process , open a new determine an allocation share for the storage system 
segment for the storage system process process requesting to write the data ; 
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responsive to determining an open segment usage by 
the storage system process is under the allocation 
share for the storage system process , open a new 
segment for the storage system process 

determine whether the open segment usage by the 5 
storage system process is under the allocation share 
for the storage system process ; 

responsive to determining the open segment usage by 
the storage system process is not under the allocation 
share for the storage system process , the processing 10 
device to : 
determine other allocation shares for other storage 

system process having open segments ; 
determine open segment usage for the other storage 

system processes ; 15 
identify a pool of open segments unused by the other 

storage system processes by determining a differ 
ence between the other allocation shares and open 
segment usage for the other storage system pro 
cesses ; and 20 

distribute a new segment from the pool of segments 
to the storage system process . 

15 . The non - transitory computer - readable medium of 
claim 14 , wherein to determine the allocation share for the 
storage system process , the processing device to : 25 

determine a ratio between a target ratio of open segments 
assigned to the storage system process and an aggregate 
of target ratios of open segments assigned to a plurality 
of storage system processes having open segments ; 

22 
determine a target number of open segments for the 

storage system ; and 
calculate the allocation share for the storage system 

process using the ratio and the target number of open 
segments . 

16 . The non - transitory computer - readable medium of 
claim 14 , wherein to adjust the storage bandwidth for the 
storage system process , the processing device further to : 

determine whether an open segment usage of the storage 
system is under a target number of open segments for 
the storage system ; and 

responsive to determining the open segment usage of the 
storage system is under the target number of open 
segments for the storage system , open a new segment 
for the storage system process . 

17 . The non - transitory computer - readable medium of 
claim 14 , the processing device further to : 

receive the I / O write request to write data to the storage 
system from the storage system process ; 

determine whether the storage system process has an open 
segment ; 

responsive to determining the storage system process does 
not have an open segment , open a new segment for the 
storage system process ; and 

responsive to determining the storage system process does 
have an open segment , adjust the storage bandwidth for 
the storage system process . 


